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COMPLETE SPECIFICATION 



Method of and Apparatus for the Production of SOicone Products 



We. Werner & Pfleiderer, a Komman- 
djtgeseUschaft, organized and existing under 
the laws of the Federal Republic of Ger- 
many of 10 Theodorstrasse. 7000 Stuttgart- 
:> Feuerbach, Germany, do hereby declare the 
invention, for which we pray that a patent 
may be granted to us. and the method 
by which it is to be performed, to be 
parUcularly described in and by the follow- 
10 mg statement: — 

This invention relates to a process and 
apf^ratus for the preparation of silicone 
products e.g. silicone oils, silicone greases 
and silicone rubbers, from a mixture of 
15 startmg materials. 

To enable such silicone products to have 
particular properties, such as for example 
heat-rcsistance and resilience, temperatures 
l^^^?^ ^^'^S preparation must be main- 
20 temed within a predetermined limit, and 
degasification and therefore the condensa- 
tion of the mdividual components, must 
likewise be limited to a predetermined de- 
gree. In practice such control has been 
25 expensive to carry out. and is generally 
mcomplete in effect. 

By the practice oi the invention, silicone 
produqts may be continuously produced 
^imprecisely predetermined properties. 
. invenuon consists of a process for 
tne preparation of silicone products from 
a mixture of starting materials, comprism<» 
contmuously introducing the starting mate^ 
rials separately into a mbcing chamber; 
35 mixing the said individual starting materials 
m the said maxmg chamber; forcmg the mix- 
ture thereby produced into a reaction 
chamber and conveying the said mixture 
through the said reaction chamber to a dis- 
40 charge member, the said reaction chamber 
iiaving at least one deeasification zone along 
Its lencth whereby gases may be removed 
irom the reacting mixture. 
(Price 4s. 
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According to a preferred and important 
feature of the mvention, the speed at which 45 
the mixture passes through the reaction 
chamber is varied. 

According to a further feature of the 
mvention, additives, for example a filler 
and/or a deactivising agent, can be con- 50 
tmuously fed to the mixture in the reaction 
chamber before it emerges from the reaction 
chamber, the temperature being constant 
AltcmaUy^y. the reaction mixture may be 
heated while m the reaction chamber. Either 55 
method ensures that a pomt adjacent and 
upstream of the discharge member, the de- 
activalmg agent and/or heat stops a con- 
densauon reaction in the reaction mbcture 
Ihe reaction mixture is preferably con- 
veyed through the reaction chamber by a 
screw conveyor. 
. "P?, aforementioned steps ensure that the 
mdividual proportions of the starting 
materials are continuously fed in constant 65 
quantiues and in a predetermmed ratio, and 
that a relaUvely high vacuum can be appHed 
in one or more stages inside the reaction 
chamber, depending on the reqmred pro- 
perties of the end product, thus reducing to 70 
the mumnum the time spent by the mixture 
inside ^e reaction chamber. Since the speed 
at which the mixture passes through the re- 
action chamber can be varied in a very 
simple manner for instance as heremafter 75 
descnbed, the required properties of the 
emergmg mixture, such as viscosity, re- 
silience and the like, can be definitely deter- 
mined merely by the speed at which the 
Sb^ ^^'^ ^''''^^ reaction 80 

The iH-ocess accordmg to the invention 
ensures rehable control and enables the 
r^mred properties of the end product to 

determined rapidly and with certamty. 85 
Cither by the metered feed of the activisiSg 
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a-ent and/or heat, or by ths spz^d at which 
the mixture passes tlirough the reaction 
chamb-r and the immediately adjoining out- 

5 App^rams for carr>'iiig out the invention 
comprises a mixing chamber; means for 
introducing starting materials separately m 
the said mixing chamber; a reacaon cham- 
ber havin- at least two co-operaung con- 

10 v^ying members for the reacting mixture 
therein, conduit means for passmg a mixture 
from the said mixing chamber to the said 
reaction chamber; discharge means for dis- 
chardng reaction mixture from th. saia 

15 reacOon chamber after conveyance there- 
[hroueh; and at least one vacuum degasifi- 
cStion point situated on the length of the 
reaction chamber. ^«thnH 
For ths performance of the methoa 

20 according to the invenuon, the staitmg 
materiaTs'are mixed in a screw extruder the 
raixmre being introduced into a reacuon 
Siamber having at least two co^op^ratmg 
conveying members, and the mixture con- 

25 ZuoLy discharged therefrom through a 
discharge head connected to the r.act.on 
chamber. Conveniently the conveymg mem- 
bers inside the reaction chamber are ccn- 
sVuctS in the form of self-c eanmg screws 

30 which are mounted floatably inside the 
^Zl This step ensures that no undesir- 
able residues are left at any p ace in dv. 
reacuon chamber which rnight lead lo un- 
controllable reactions and therefore n^.e 

35 an adverse effect on .'-^"^Zltl T'' 
controlled for the whole f'f^f ,^5- 
which the mixture passes, and the le.ult.ng 
reliable determination of the propeiiies Oi 
tlie end product 

40 The reaction chamber may compijse a 
number of assemblable casing members one 
or more of which can be formed witu mUo- 
duction apertures for Uie ^'^^^j^f f^^^j^'^ 
lives. Clearly, one or more of the ca.mg 

45 members cai also be formed wUh removal 
apertures for the application ol th. at^r.- 
menUoned vacuum. Conveniently the ca^- 
in^ porUons are heated individually or i.i 
grSups each comprising a number of casing 

50 members, thus ensuring control le dt^n^l^;^^- 
tures over the whole of the treating zone. 

Embodiments of the invention are herem- 
after described and illustrated m the accom.- 
panying drawmgs, of which. 

cc Figure 1 is a diagrammatic general re- 
presentation of apparatus for Uie prepara- 
tion of silicone products according to tlie 
invention; . 

Figure 2 is a diagrammatic repres^nta- 

fiO tion, partly in section, of apparatus for the 

^ preparation of silicone products according 
to the invention; 

Fieure 3 is a section taken along the lin^ 
Ill-ni of Figure 2; 

05 Figure 4 is a lonffitudinal section 01 a 



portion of a discharge member adjoining 
the reaction chamber, suitable for discharge 
of silicone rubber; . 

Fit^ure 5 is a lonnitudinal section ot a 
portion of a discharge member adjoining 70 
the reaction chamber, suitable for discharge 
of a silicone grease, and ■ . 

Figure 6 is a longitudinal secuon of a 
portion of a discharge" member adjoining the 
reaction chamber, suitable for discharge of 
silicone oil. 

Referrins to Figure 1, components A, 13, 
C of a mixture to be reacted to form a 
silicon product, are fed from individual 
resei*voirs 1, 2 and 3 via metering members oU 
4, for instance metering pumps, and lines 5, 
6'and 7 connected thereto, to a mixer con- 
structed in the form of a rapidly operating 
screw extruder 8. The individual com- 
ponents A, B and C are intermixed to »5 
form a mixture which is continuously forced 
via a line 9 to a reaction chamber 10 form- 
ins part of a screw extruder 1 1 whose con- 
struction is shown diagrammatically m 
greater detail in Figure 2. After it enters 90 
the screw extruder 11, the mixture is forced 
through the reaction chamber 10, a 
vacuum of, for instance 10 torr, being 
applied at places spaced out from one 
another via Imes 12, 13, to degasify the 95 
mixture. Depending on the time taken by 
the mixture to pa^ss through the reaction 
chamber 10, a very considerable degasitica- 
tion may take place as at the first degasiii- 
cation zone, so that if required a different luu 
vacuum can be applied via individual lines 

12, 13. ^ , , 

In the zone of the discharge member 14 
adjoinin2 tlie reaction chamber 10 of the 
screv/ extruder II, the required properties 105 
c" the mixture are determined by deactivat- 
inQ aeent being fed, and excess catalyst there- 
LoT-e "decomposed, from a reservoir 15 via 
a conveyins member 16, for instance in 
the form of a pump or screw means, and 110 
an adjoinmg line 17 which discharges mto 
the end portion of the reaction chamber 10. 
The result is a forced brake-off of con- 
densation. If required, plasticismg agent can 
be added to the mixture from a reservoir 115 
18 via a further conveying member 19 and 
a line 20, or fillers can be added via a 
further Ime 21, to determine the colour or 
other properties of the mixture. Various 
possible forms of the discharge member are 120 
illustrated in Figures 4, 5 and 6. Other 
variants of said embodiments may be used, 
depending on the particular product or cir- 
cumstances. M 10« 
Figures 2 and 3 show in greater detail J 25 
tlie construction of the screw extruder 11. 
Instead of the metering members 4 taking 
the form of pumps, as shown in Figure 1, 
in Figure 2 szear pumps 4' feed the indivi- 
dual components A. B. C from the reser- 130 
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voirs 1, 2 afid 3 to the mixer talcing the 
form of a screw extruder 8. in which the 
components are mixed together and fed 
via a Ime 9 to reaction chamber 10 of 
5 screw extruder li. The reaction chamber 
10 is formed by individual placing sections 
10' which enclose the continuous screws 
22, 23 (shown in Figure 3) over their whole 
length. The screws 22, 23 are disposed 
<0 floatably inside the reaction chamber 10 
and thp individual casing sections 10' and 
are driven in known manner by a drive 
motor 24, if necessary via interposed trans- 
mission members 25. 
15 Disposed on the screws 22, 23 between 
those zones of the reaction chamber 10 in 
which the mixture is subjected to vacuum, 
are washers 26 which enable a varying 
vacuum to be applied at individual vacuum 
20 stages 27. 28 and 29. The number of 
vacuum stages can diflfer in dependence 
upon the material to be treated. The same 
thmg also applies to the arrangement of 
the washers 26 on the screws 22, 23. 
25 Since the reaction chamber 10 is formed 
of individual interconnected casing sections 
10', in practice the size of a suitable screw 
extruder can be determined in a very 
simple manner by matching the number of 
30 the casing sections with the length of the 
screws 22. 23, therefore enabling the machine 
to be increased or reduced in size. This can 
be achieved if. for instance as shown in 
Figure 2, the last vacuum stage 29 is un- 
35 coupled from the associated screw section, 
and the outlet member 14 is connected 
directly to the vacuum stage 28. Deactivat- 
ing agents can be introduced via screw 
means 19' and a line 20' into the mixture 
40 before it is removed from the discharge 
member 14, in the zone of the last reaction 
portion or of the discharge member 14, as 
in the embodiment shown in Figure 2. As 
already stated, the construction of the dis- 
45 charge member 14 mainly depends on the 
nature and properties of the particular mix- 
ture, which according to the invention de- 
pends exclusively on the sx)eed at which 
the mixture passes through the reaction 
50 chamber and /or the quantity of the de- 
activating agent fed or amount of heat 
added. Referring to Figure 4. a conically 
tapering connection member 30 is screwed 
to the end of the discharge member 14, the 
55 outlet aperture of the member 30 being 
closed by a plate 31 formed with mdivi- 
duaJ bores 32. This kind of discharge head 
IS more particularly suitable for silicone 
rubber the number and size of the outlet 
60 apertures 32 being selected, depending on 
the properties of the sihcone rubber. 

Instead of the closure plate 31. as shown 
m Figure 4, a line 33 as shown in Fig. 5 
can be connected which can then be used 
t»5 for sihcone greases. The outlet ends of the 
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screws 22, 23 then force the finished sili- 
cone grease into containers provided for 
the purpose. 

If however silicone oil is being prepared, 
a line 34 as shown in Fig. 6 extending to a 70 
delivery pump is connected to the taperin" 
connection member 30. so that the pimip^ 
for instance a gear pump 35, pumps the sili- 
cone oil into containers provided for this 
purpose. 

AlicrnaLivcly. th^ arrangement can b--^ 
such that the closure plate 31, tlie tubular 
member 33, or a line 34 connected to a 
pump 35 can be connected at choice to the 
tapering connection member 30. 

The speed at which the mixture passes 
through the reaction chamber can be deter- 
ramed m a very simple manner by changing 
the speed of the drivmg motor or trans- 
nnssion thus altering the conveymg speed 85 
of the screws 22, 23. In a very simple 
manner screw means can be provided at 
the required places in the reaction chamber 
for the addition of additives, thus ensur- 
ing reliable control of the whole reaction of 90 
the mixture and its required final properties. 

The apparatus may be varied to control 
the temperatures inside individual casin^^ 
sections 10', and the degasification by means 
of mdividual vacuum stages 27, 28 and 29 95 
and the feeding of the individual startmg 
materials to the mixture, and also to the 
construction of the mixer m the form of a 
snigle or multiple -shaft screw extruder 8 
WHAT WE CLAIM IS:— 100 

1. A process for the preparation of 
silicone products from a mixture of starting 
materials, comprising continuously intro- 
ducing the starting materials separately into 

a mixing chamber; mixmg the said indivi- 105 
dual starting materials in the said mixmg 
chamher; forcing the mixture thereby pro- 
duced into a reaction chamber and con- 
veymg the said mixture through the said 
reaction chamber to a discharge member HO 
the said reaction chamber having at least 
one degasification zone along its length 
whereby gases may be removed from the 
reactmg mixture. 

2. A process accordmg to Claim 1. in 115 
which the speed at which the mixture passes 
through the reaction chamber is varied. 

3. A process accordmg to Claim 1 or 
Claim 2. in which one or more additives 

are contmuously added to the mixture at a 120 
constant temperature m the said reaction 
chamber. 

4. A process according to Claim 3, in 
which at least one additive consisting of a 
tiler and a deactivating agent is added to 125 
the said reaction mixture in the reacticHi 
chamber. 

5. A process according to any of Claims 
1 to 4 m which the mixture is heated in 

the said reaction chamber. 130 
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6. A process accord'ing to any of CiaLms 
I to 5, in which tlie said reaction mixture 
is conveyed through the said reaction 
chamber by a conveying screw, 
5 7. A process for the preparation of sili- 
cone products as claimed in Claim 1, sub- 
stantially as hereinbefore described. 

8. Silicone products prepared by a 
process claimed in any of Claims 1 to 7. 

10 9. Apparatus for the continuous pre- 
paration of silicone products, comprismg a 
mixing chamber: means for introducing 
starting materials separately in the said 
mixing^ chamber; a reaction chamber having 

15 at least two co-operating conveying mem- 
bers for the reacting mixture tlierein, con- 
duit means for passing a mixture from tlie 
said mixing chamber to the said reaction 
chamber; discharge means for discharging 

20 reaction mixture from the said reaction 
chamber after conveyance therethrough; 
and at least one vacuum degasification point 
situated on the length of the reaction 
chamber. 

25 10. Apparatus according to Claim 9, in 



which the conveyor members constructed 
are conveyor screws disposed floatably in- 
side a casing of the reaction chamber. 

1 1 . Apparatus according to Claim 9 or 
Claim 10, in which the reaction chamber 30 
comprises a plurality of assemblable casing 
members at least one of which is provided 
with inlet means for the introduction of an 
additive to reaction mixture in the reaction 
ciiamber. 35 

12- Apparatus according to any of 
Claims 9 to 11. in which the said casing 
members are adapted to be hested indivi- 
dually or in groups. 

13. Apparatus for the continuous pre- 40 
paration of silicone products, substantially 
ES hereinbefore described and illustrated in 
any of the Figures of the accompanying 
drawings. 

HYDE & HEIDE, 
110 Bishopsgate. 
London, E.C.2. 
Chartered Patent Agents. 
Agents for the Applicants. 
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4 SHEETS j^j^ drawing is a reproduaion of 
the Original on a reduced scale. 
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